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Physical Review Letters: ReDly to Comment by A. A. Grinberg and S. Luryi
on Phys. Rev. Lett. 65, 3433 (1990)

Stockman. Pandey, and George's Reply: In the first paragraph of their

(oninent.' Grinbergz aiici Lurvi tated that tihe effect of light-induced drift tLID) of

q iiant umn-confined electrons described in Ref. 2 --is identical to the photon-drag effect

PDE) observed experimentally' and discussed in detail theoretically 4-". adding that.

in their opinion. -LID can be viewed as a special case of PDE". Here we wvill address

:i. scientific question about the identity of the effects dlescribed in Refs. 2 and 4.5. and.

,renerallv, the relation between LID and PDE.

In Ref. 1 any phiotocurrent in bulk. whose existence is due to photon momentum

k. is called PDE. But, in isotropic or centrosymimetric media at rest, a photocurrent is

;LdWaVS directed along k. Hence. in the definition of Ref. 1. PDE is simply a synonym of

;photocurrent or lpii(toaivanic effect. In contrast to this. LID of particles, as originally
~~.ui~~~gested'~~. is a well-dlefined effect which takes place if:i)teprclshvdfeen

,iiternal states. (1i) the dispersion law of the particles does not depend (or weakly depends

01n the internal state (parallel bands for electrons), and (iii) their translational (momentum)

relaxation dlepends oni the internal state. One of thle distinctive features of LID is that

-lhe particle flux is an antisvrnmetric function of the light frequency detuning from the

;il)sorption line. and only 'pndceof the fluix (lirection onl the photon energy-', does

,lot suffice. Cleaily, the resonant PDE in bulk Ge. which is referred to in Ref. 1. does not

Confirm to the above requirements and is not LID.

Originally, the idea of effects dlescribed in Ref. 2 and Refs. 4.5 has been suggested

6y Dykhne. Roslyakov and Starostin'~ as an exact counterpart of LID in gases. However.

in Rtef. 6 no0 quantitative dlescription of the effect is given. In our paper. .we refer t o

ClRef. 6 and give a qualitative and quantitative theory. The effects considered in Refs. 2
0
0111d Refs. 4.5 are, in fact. very close to the original suggestion of Ref. 6 and. consequently,

-to 01ach other. hiit not idtleitieal. The main distinction between thein is, that in Ref. _' the

Wt --fert is based on the difference of the inomentium relaxation rates v %And v, in differeut

CO 'sulbands rn and n. while in Refs. 4 and 3 the effect, as it is quzuttitntively described. ki

<1 bitsed oti thet dlifference in the lifetinies. In our kcase- the rate differenve it,, - 41" i' iake

t- zoni the seattterifle of vlectrons by iimpurities. whose dlensity shouild he nonunifthmi aevw"s

DZthe wvell, and staite-dlependent wnvv function of electrons. In Refs. 4 wid 3, the ditmtiom



Of lifetimes is due to the optical-phonon emission in the upper subband.

Ve have considered" optically linear and nonlinear effects. and also have found the

7emperature dependence and the difference in the relaxation rates. From all these results.

Only the linear effect is studied in Refs. 4 and 5. In these works, no distinction is made

oetween population-. polarization- and momentum-relaxation rates, and the photocurrent

. is, in our opinion, found incorrectly. For instance, in Ref. 4 the current in its spectral

maximum is j OC (7, - r7,)/ [see Eqs. (7) and (8) in Ref. 4], with - = 2 -

*Eq. (3)], where 7m and -,n are the lifetimes of the corresponding subbands4 (in Ref. 5. 7'.

and r,, are named monentum relaxation times, but, nevertheless, the relation between 3

and 7,,, 7, remains the same). Ve believe the correct result [see Eqs. (5) and (7) in Ref. 21

m he j x (V-1 - 1",1) /1. where un and vn are the momentum-relaxation rates, which

are. generally, completely different from 7,-' and r, - ', and F = ( 7 -,, + 7') + Fmn is the

;)olrizatiol-relaxation rate with F, as the dephasing contribution.

The difference between the results of Ref. 2 and Refs. 4,5 is essential in both quanti-

tative and qualitative respects. Quantitatively, considering the two above given relations.

their relevant parameters are different. In particular, the magnitude of F may exceed -y by

one order of magnitude or even more due to the dominating contribution of the dephasing

term Fi, (see Ref. 2 for additional discussion). Qualitatively, in our case2, the momentum

relaxation is due to collisions with impurities, which can be mainly elastic, in accord with

the original LID.' This is advantageous for achieving a large difference v-I - p,- with-

out increasing the width F, thus obtaining high current j. In contrast, the shortening of

the subband lifetime, in particular by phonon emission as suggested in Ref. 4. necessar ly
0 ,'auses an increase of r and diminishes the current.

O The difference t,,,, - ,, can be controlled by the characteristics of the quantum wvell.
Ca in particular, by the modulation doping. For instance, in the case" of doped barrier reions

C w have ,,> I tI, while tc-doping of the well center would result in tot < v,. The reawn

for this is that the wave function of the excited subband 1n) has a node in the well center
4- and is, therefore, less perturbed by impurities. In contrast, the effect of optical phanoas.CO
a)[] ('0isidered in Ref. 4. always vields r-1 < r-

On the grouid of the above arguments, we do not agree with the above quoed
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<tatements of Ref. 1.
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